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© Disk reproduction apparatus capable of continuously varying a reproduction speed. 



© A pickup (2) reads data recorded on a disk (1) 
and outputs a current signal corresponding to the 
read data. An amplifier (3) outputs the current signal 
as a voltage signal. A data slice circuit (4) binarizes 
the voltage signal and converts it into an EFM signal. 
In response to the EFM signal, a PLL circuit (5) 
generates a PLL clock signal (PLCK) in synchroniza- 
tion with a reproduction speed. When a reference 
speed or its two-times higher speed is selected as 
the reproduction speed, if the PLL clock signal 
<N| (PLCK) is synchronized with the EFM signal, the 
^ frequency of the PLL clock signal (PLCK) is propor- 
pf) tionate to the reproduction speed. In response to the 
U) PLL clock signal (PLCK), the data slice circuit (4) 
^ controls the frequency band of a reference voltage in 
CO accordance with the reproduction speed, and outputs 
the EFM signal. A data processing circuit (6) de- 
modulates the EFM signal and removes a jitter from 
O the demodulated signal in response to the PLL clock 
n signal (PLCK). The data processing circuit (6) also 
in corrects an error of data corresponding to the de- 
modulated signal in response to the PLL clock signal 
(PLCK), and outputs audio data. 
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The present invention relates to an optical disk 
reproduction apparatus such as a CD (compact 
disk) and, more specifically, to a data slice circuit 
of a reproduction apparatus capable of continu- 
ously varying a reproduction speed. 

A digital recording/reproduction system is now 
under development in the field of sound equip- 
ment. In this system, in order to record/reproduce a 
signal with high density and high reliability, an 
audio signal is converted into a digital signal by the 
PCM (pulse code modulation) technique, and the 
digital signal is recorded on a disk, a magnetic 
tape, or the like and reproduced therefrom. At 
present, a CD 12 cm in diameter, on which a bit 
sequence corresponding to digital data is formed 
and from which the bit sequence is optically read 
out, is the most popular. 

The CD mainly stores 16-bit PCM data (main 
data) of an analog audio signal. The digital data is 
stored in the CD by repeating one frame con- 
stituted of 24 symbols each having 8 bits. The CD 
employs a CIRC (cross interleave reed-solomon 
code) as an error correction code. 

More specifically, the digital data of 24 sym- 
bols is supplied to a C2 encoder to generate a C2- 
sequence error correcting parity symbol Q of 4 
symbols. Both the digital data and parity symbol Q 
are supplied to a C1 encoder via an interleave 
circuit to generate C1 -sequence error correcting 
parity symbol P of 4 symbols. 32-symbol data 
constituted of 24-symbol digital data, 4-symbol par- 
ity symbol P and 4-symbol parity symbol Q re- 
ceives subcode data of 8 bits (one symbol). The 
subcode data and 32-symbol data are modulated 
by EFM (eight to fourteen modulation). Then a 
margin bit of 3 extra bits is added between 14-bit 
symbols of the modulated data, and a 24-bit syn- 
chronization patter is added to the head of the bit 
sequence. Thus, 588-bit data is recorded on the 
disk as one frame. Since, in this case, the channel 
bit frequency is 4.32 MHz, the data of one frame is 
recorded on the disk in 136 usee (at a frequency 
of 7.35 KHz). One subcode block consists of 98 
subcode frames, and data of one subcode frame is 
recorded on the disk at a frequency of 75 Hz (1 0.3 
msec). 

A disk reproduction apparatus for reproducing 
data from the CD mentioned above rotates the CD 
at a CLV (constant linear velocity) by a motor and a 
motor control circuit. An optical pickup device in- 
cluding a semiconductor laser, a photoelectric tran- 
sducer, etc. reads data recorded on the CD by 
linearly tracking the disk from the inner circum- 
ference to the outer one. The read data (current 
signal) is supplied to an amplifier. The amplifier 
converts the current signal into a wide-band signal 
(hereinafter referred to as RF signal) as a voltage 
signal and supplies it to a data slice circuit. The 



data slice circuit binarizes the RF signal and sup- 
plies it, as an EFM signal, to a PLL (phase locked 
loop) circuit and a data processing circuit. The data 
processing circuit separates a synchronisation sig- 

5 nal from the EFM signal and EFM-demodulates the 
remaining signal into data components of 32 sym- 
bols including parity symbols P and Q and sub- 
code data components. The EFM-demodulated 
data is written to a memory of the data processing 

w circuit in response to a clock signal generated from 
the PLL circuit. The data of the memory is read out 
in response to a quartz system reference clock 
signal generated using a quartz oscillator, and a 
jitter (variation of time axis) due to the motor is 

75 absorbed. The data read out from the memory, an 
error of which has been corrected, is output as 16- 
bit digital data. 

The reproduction speed is varied by a system 
controller. The system controller generates a re- 

20 production speed control signal (hereinafter re- 
ferred to as HS signal). The HS signal designates, 
for example, a normal reproduction speed (referred 
to as equal speed) or a speed two times as high as 
the reference speed (referred to as two-times high- 

25 er speed). The HS signal is supplied to the data 
processing circuit and motor control circuit in order 
to switch a processing speed or a disk reproduc- 
tion speed to a desired speed. The data slice 
circuit receives the HS signal and varies a control 

ao frequency band in accordance with the reproduc- 
tion speed. 

Since the disk normally rotates at the CLV, its 
angular velocity is 500 rpm when the inner circum- 
ference of the disk is accessed, and it is 200 rpm 

35 when the outer circumference thereof is accessed. 
It is thus necessary to decrease the rotation speed 
of the motor to half or less when data on the inner 
circumference is reproduced after the outer circum- 
ference is searched. On the contrary, it is neces- 

40 sary to increase it twice or more when the inner 
circumference is searched after data on the outer 
circumference is reproduced. 

A CD-ROM has lately attracted considerable 
attention as a digital recording/reproduction sys- 

45 tern. The CD-ROM mixedly stores audio signals 
and ROM data such as image information and 
character codes. When the audio signals are read 
out of the CD-ROM, the disk is rotated at an equal 
speed to reproduce data thereon. When the ROM 

so data is read out, it is rotated at, e.g., a two-times 
higher speed in order to read it as fast as possible. 

As described above, when data of the CD or 
CD-ROM is reproduced, the reproduction speed 
has to be switched frequently from the equal speed 

55 to the two-times higher speed or from the two- 
times higher speed to the equal speed. When the 
reproduction speed is switched, data cannot be 
reproduced stably before the rotation speed of the 
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disk becomes constant, and the reproduction is 
thus intermitted. The intermittence of the reproduc- 
tion due to the switching of the speed greatly 
reduces the performance of the reproduction ap- 
paratus. The performance can be improved by 
using a high-performance motor; however, in this 
case, the cost is greatly increased. 

In the conventional disk reproduction apparatus 
described above, the reproduction speed does not 
vary continuously, but the two reproduction speeds 
of, e.g., the equal speed and two-times higher 
speed are switched discontinuously. The data slice 
circuit thus switches the control frequency band in 
accordance with the two reproduction speeds. 
More specifically, the conventional data slice circuit 
converts an input RF signal, which is compared 
with a reference voltage by a comparator, into 
binary data. An up-down counter counts a time 
period of binary data "0" and that of binary data 
"1" and outputs differential data indicative of a 
difference between the time periods. 

The count clock of the up-down counter is a 
clock signal generated from the quartz system ref- 
erence clock signal. The clock signal has a fre- 
quency which optimizes the control frequency band 
of the reference voltage of the data slice circuit. 
When the reproduction speed is an equal speed, 
the clock signal is supplied to the up-down counter. 
When the speed is a two-times higher speed, a 
clock signal whose frequency is twice as high as 
that of the clock signal is supplied to the up-down 
counter. 

The differential data output from the up-down 
counter is sent to a digital-to-analog converter. The 
digital-to-analog converter converts the differential 
data into an analog voltage and feeds it back to the 
comparator as a reference voltage. The comparator 
binarizes the RF signal by the reference voltage 
such that a time period of data "0" and that of data 
"1 " are equalized to each other. 

The data slice circuit feeds back the result of 
count in such a manner that the time periods of 
data "1 " and data "0" become equal to each other. 
If the frequency band of the feedback loop is too 
low, there is a flaw in the disk. If the amplitude of 
the RF signal is changed, the slice level cannot 
follow the amplitude. If the frequency band of the 
feedback loop is too high to the contrary, the slice 
level varies with the amplitude of the minute RF 
signal, and the jitter of the EFM signal increases 
after data is sliced. Therefore, the frequency di- 
vision ratio of the clock signal has to be regulated 
such that the frequency band of the loop is op- 
timized. 

However, the control frequency band of the 
data slice circuit can be changed to only the two 
stages, as described above. For this reason, when 
the reproduction speed is varied continuously, the 



characteristics cannot be conformed with all the 
reproduction speeds and consequently the repro- 
duction performance cannot be kept constant with 
respect to every reproduction speed. 

5 An object of the present invention is to provide 
a disk reproduction apparatus capable of continu- 
ously varying a reproduction speed and reliably 
slicing data in accordance with the continuously 
variable reproduction speed. 

w The above object is attained by a disk re- 
production apparatus which comprises: 

read means for reading data recorded on a 
disk as an electrical signal; 

a data slice circuit for binarizing the electrical 

is signal supplied from the read means to generate 
an EFM signal; 

a PLL circuit for generating a clock signal 
corresponding to a variation in reproduction speed 
of data, in response to the EFM signal supplied 

20 from the data slice circuit; and 

a data processing circuit for demodulating the 
EFM signal supplied from the data slice circuit in 
response to the clock signal supplied from the PLL 
circuit, and reproducing data, 

25 the data slice circuit including: 

a comparator for comparing the electrical sig- 
nal supplied from the photoelectric transducer with 
a reference voltage, the comparator outputting one 
of data "0" and data "1" in accordance with the 

30 electrical signal and the reference voltage; 

a detecting means for detecting differential 
data representing a difference between the time 
period of the data "0" and the time period of the 
data "1" based on the clock signal supplied from 

35 the PLL circuit; and 

a voltage generating means supplied with the 
differential data from the detecting means, the volt- 
age generating means for generating a voltage in 
response to the differential data and supplying the 

40 voltage to the comparator as the reference voltage. 

According to the disk reproduction apparatus 
having the above constitution, the clock signal sup- 
plied from the PLL circuit is synchronized with the 
reproduction speed of data. The reproduction 

45 speed can be varied continuously by removing a 
jitter contained in data which is EFM-demodulated 
by using the clock signal. If, furthermore, the clock 
signal is used in the data slice circuit, the control 
frequency band of a reference voltage for slicing 

so data can be varied continuously with the reproduc- 
tion speed. Therefore, even when the reproduction 
speed is varied continuously, the data can reliably 
be sliced in accordance with the reproduction 
speed, and the reproduction performance can be 

55 prevented from being changed due to the repro- 
duction speed. 

This invention can be more fully understood 
from the following detailed description when taken 
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in conjunction with the accompanying drawings, in 
which: 

FIG. 1 is a block diagram showing a disk re- 
production apparatus according to an embodi- 
ment of the present invention; 
FIG. 2 is a block diagram schematically showing 
a data processing circuit of the disk reproduc- 
tion apparatus of FIG. 1; 

FIG. 3 is a block diagram showing an example 
of a data slice circuit of the disk reproduction 
apparatus of FIG. 1 ; 

FIG. 4A is a graph showing an angular velocity 
of the disk reproduction apparatus of FIG. 1; 
FIG. 4B is a graph showing a linear velocity of 
the disk reproduction apparatus of FIG. 1 ; 
FIG. 4C is a graph showing an operation of a 
conventional disk reproduction apparatus; 
FIG. 4D is a graph showing an operation of the 
disk reproduction apparatus of FIG. 1 ; and 
FIG. 5 is a block diagram showing another ex- 
ample of the data slice circuit of the disk re- 
production apparatus of FIG. 1. 
A disk reproduction apparatus according to an 

embodiment of the present invention will now be 

described. 

Referring to FIG. 1, a disk 1 is driven at a 
constant linear velocity (CLV) by means of a motor 
8, and an optical pickup (PU) 2 including a semi- 
conductor laser, a photoelectric transducer, etc. 
(not shown) reads data recorded on the disk 1 . The 
PU 2 outputs data as a current signal and supplies 
it to a wide-band amplifier 3. The amplifier 3 am- 
plifies the data and outputs an RF signal as a 
voltage signal. The RF signal is supplied to a data 
slice circuit 4. The data slice circuit 4 binarizes the 
RF signal and converts it into an EFM signal. The 
EFM signal is sent to a data processing circuit 6 
and a PLL circuit 5. 

The PLL circuit 5 generates a PLL clock signal 
(PLCK) in synchronization with the EFM signal. The 
center frequency (17.2872 MHz) of the PLCK is 
four times as high as the bit rate (4.3218 MHz) of 
the EFM signal. When the PLCK is synchronized 
with the RF signal, the frequency of the PLCK is 
proportionate to a reproduction speed. The PLCK is 
supplied to the data processing circuit, together 
with the EFM signal. The PLCK is also supplied to 
the data slice circuit 4, and the control frequency 
band of a reference voltage can thus be controlled 
in accordance with the reproduction speed. 

The data processing circuit 6 executes EFM 
modulation, subcode modulation, error correction 
processing and the like, and an output signal there- 
of is supplied to a D/A converter (not shown). The 
output of the D/A converter is sent to a low-pass 
filter (not shown), and an audio signal is output 
from the low-pass filter. The data processing circuit 
6 generates a system reference clock signal (XCK) 



using a quartz oscillator (not shown). 

A motor control circuit 7 control the motor 8 in 
response to the XCK supplied from the data pro- 
cessing circuit 6 in order to keep the reproduction 

5 speed constant. The reproduction speed is varied 
by a reproduction speed control signal (HS signal) 
supplied from a system controller 9. More specifi- 
cally, the system controller 9 sets the HS signal to 
an equal speed, a two-times higher speed, a four- 

w times higher speed, etc. in accordance with the 
normal reproduction or fast-forward reproduction 
designated by an operator, or the reproduction 
position of the disk. The HS signal is supplied to 
the processing circuit 6 and motor control circuit 7, 

75 and these circuits change the processing speed 
and the rotation speed of the disk in response to 
the HS signal. 

FIG. 2 schematically shows the data process- 
ing circuit 6. In this circuit, the EFM signal output 

20 from the data slice circuit 4 is supplied to an EFM 
demodulator 61 and demodulated therein. The out- 
put data of the EFM demodulator 61 is supplied to 
both a subcode demodulator 62 and a controller 
63. The sub-code demodulator 62 separates the 

25 data into word components of 32 symbols including 
parity symbols P and Q and subcode data compo- 
nents. The controller 63 is connected to a RAM 
(random-access memory) 64. The RAM 64 is sup- 
plied with a clock signal CK1 for wiring data and a 

30 clock signal CK2 for reading data. These clock 
signals CK1 and CK2 are both generated from the 
foregoing PLL clock signal (PLCK). The controller 
63 writes the data output from the EFM demodula- 
tor 61 to the RAM in response to the clock signal 

35 CK1 and reads the data written to the RAM 64 in 
response to the clock signal CK2. Consequently, a 
jitter due to the motor, contained in the data output 
from the EFM demodulator 61 , is absorbed. 

The data read out from the RAM 64 is supplied 

40 to an error correction unit 65. In response to the 
PLCK, the error correction unit 65 executes a C1- 
sequence error correction processing for data com- 
ponents of 32 symbols per frame, based on a 
parity symbol P, and then executes a de-interleave 

45 processing for data of 24 symbols and a parity 
symbol Q of 4 symbols. After that, a CIRC (cross 
interleave reed-solomon code) is decoded by ex- 
ecuting a C2-sequence error correction processing 
based on the parity symbol Q. For example, an 

so average of uncorrectable data is revised on the 
basis of the result of the error correction process- 
ing, and the revised average is output as 16-bit 
digital data. In a CD reproduction apparatus, the 
16-bit digital data is supplied to the D/A converter 

55 (not shown) and converted into an analog signal 
therein. The output signal of the D/A converter is 
supplied to a low-pass filter (not shown), and an 
audio signal is output from the low-pass filter. 
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FIG. 3 illustrates an example of the data slice 
circuit 4 described above. In this circuit 4, the RF 
signal output from the amplifier 3 is supplied to a 
non-inverting input terminal of a comparator 10, 
and a reference voltage Vref is supplied to an 
inverting input terminal thereof. The comparator 10 
compares the RF signal and reference voltage Vref 
and converts the RF signal into binary data of "0" 
or "1". The output terminal of the comparator 10 is 
connected to an up-down counter 1 1 . The up-down 
counter 1 1 is supplied with a clock signal CK to be 
counted. The up-down counter 1 1 counts the clock 
signal CK in accordance with a time period of data 
"0" output from the comparator 10 and that of data 
"1" output therefrom, and outputs differential data 
indicative of a difference between the time periods. 
In other words, the up-down counter 11 counts 
down the clock signal CK when data "0" is sup- 
plied from the comparator 10, and counts it up 
when data "1 " is supplied therefrom. Therefore, the 
up-down counter 11 outputs the differential data. 
The differential data is supplied to a D/A converter 
12, and converted into an analog voltage therein. 
The analog voltage is fed back to the comparator 
10 as the reference voltage Vref mentioned above. 
This feedback causes the time periods of data "0" 
and data "1" output from the comparator 10 to be 
equalized to each other. The data "0" and "1" 
constitute an EFM signal. 

The clock signal CK supplied to the up-down 
counter 11 has a frequency which optimizes the 
control frequency band of the reference voltage 
Vref, and its frequency is 1/N times as high as that 
of the PLCK, the frequency of the CK being ob- 
tained by dividing the frequency of the PLCK by a 
frequency divider 13. The frequency of the clock 
signal CK varies in proportion to the reproduction 
speed if the PLL circuit 5 is locked by the EFM 
signal. The control frequency band of the reference 
voltage Vref of the data slice circuit 4 is therefore 
controlled in response to the reproduction speed. 

More specifically, if the reproduction speed in- 
creases, the PLL circuit 5 follows the speed, and 
the frequency of the PLCK increases. Since the 
frequency of the clock signal CK of the up-down 
counter 11 increases accordingly, the counting re- 
sults vary rapidly and the transmission gain of the 
up-down counter 11 increases. Consequently, in a 
feedback loop, the open loop gain increases and 
the control frequency band broadens. If the re- 
production speed decreases to the contrary, the 
frequency of the PLCK lowers and the control 
frequency band narrows. 

According to the above embodiment of the 
present invention, in the data processing circuit 6, 
the controller 63 writes the output data of the EFM 
demodulator 61 to the RAM 64 in response to the 
clock signal CK1 generated from the PLCK and 



reads the output data from the RAM 64 in response 
to the clock signal CK2 generated from the PLCK. 
The error correction unit 65 executes an error 
correction processing in response to the PLL clock 
s signal (PLCK). Therefore, data can be output im- 
mediately even when the reproduction speed is 
changed. 

Assume, as shown in FIG. 4A, that the pickup 2 
moves from the inner circumference of a disk to 

w the outer circumference thereof during a period of 
time t1 when the outer circumference of the disk 
rotating at an angular velocity of 200 rpm is acces- 
sed after the inner circumference of the disk rotat- 
ing at an angular velocity of 500 rpm. In this case, 

75 as shown in FIG. 4B, the linear velocity becomes 
2.5 ( = 500/200) times as high as before a lapse of 
time t1 . 

In the conventional disk reproduction appara- 
tus, a PLL clock signal (PLCK) is used in the data 

20 processing circuit when data is written to the RAM, 
and a quartz reference clock signal (XCLK) is used 
therein when data is read out from the RAM. More- 
over, the XCLK is employed in the error correction 
unit. For this reason, as shown in FIG. 4C, data 

25 cannot be stably reproduced before the linear ve- 
locity becomes an equal speed, and therefore the 
reproduction of data is intermitted. 

In contrast, according to the above embodi- 
ment of the present invention, since the PLCK is 

30 synchronized with the reproduction speed, data can 
be reproduced stable after a lapse of time t1. 
Therefore, as shown in FIG. 4D, data can be repro- 
duced reliably, and a time period from the disk is 
accessed until data is output again, can be short- 

35 ened accordingly. 

Furthermore, since the data slice circuit 4 con- 
trols the control frequency band of the reference 
voltage Vref in response to the PLCK, the optimum 
control frequency band can be secured in accor- 

40 dance with the reproduction speed, and thus the 
same performance can be maintained for every 
reproduction speed. 

FIG. 5 shows another example of the data slice 
circuit 4. In FIG. 5, the same components as those 

45 of FIG. 3 are denoted by the same reference 
numerals, and their descriptions are omitted. 

In the data slice circuit shown in FIG. 3, the 
output signal of the frequency divider 13 is defined 
as the clock signal CK of the up-down counter 1 1 . 

so The data slice circuit shown in FIG. 5 includes a 
frequency divider 15 and a switch 16 in addition to 
the frequency divider 13. As described above, the 
frequency divider 13 generates a PLL type clock 
signal CK, by dividing the PLCK into 1/N. The 

55 frequency divider 15 generates a quartz type clock 
signal CK having a fixed frequency, by dividing the 
system reference clock signal XCK into 1/M. The 
switch 6 selects one of the clock signal CK output 
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from the frequency divider 13 and the clock signal 
CK output from the frequency divider 15, in re- 
sponse to, for example, a lock/unlock signal 
(LS/ULS) output from the data processing circuit 6, 
and supplies the selected one to the up-down 
counter 1 1 . 

More specifically, a 24-bit frame synchroniza- 
tion signal is detected every 7.35 KHz in the data 
processing circuit 6 when the PLL circuit 5 is 
locked, and a detection cycle thereof varies when it 
is not locked. When the PLL circuit 5 is locked, the 
switch 16 selects a PLL type clock signal CK 
output from the frequency divider 13. When it is 
not locked, the switch 16 selects a quartz type 
clock signal CK output from the frequency divider 
15. The frequency of the quartz type clock signal 
CK is set so as to optimize the control frequency 
band when the reproduction speed is at the middle 
of a range of variations thereof. If, therefore, the 
lock of the PLL circuit 5 is delayed by some 
factors, the control frequency band of the data slice 
circuit 4 can be prevented from being greatly shift- 
ed from the optimum value. The switching of the 
switch 16 is not limited to the case where the PLL 
circuit 5 is completely locked or unlocked, but can 
be executed in a range slightly shifted from the 
locked or unlocked state of the PLL circuit 5. The 
switching conditions of the switch 1 6 are as follows: 

(1) The switch selects a PLL type clock signal 
CK when the PLL circuit is locked, and selects a 
quartz type clock signal CK when it is unlocked. 

(2) The switch selects a PLL type clock signal 
CK if the frequency of the clock signal output 
from the PLL circuit falls within a range between 
- d % and + d % of the frequency of the EFM 
signal, and selects a quartz type clock signal CK 
if it does not fall within the range. The frequency 
range d % is determined in advance. 

Claims 

1. A disk reproduction apparatus characterized by 
comprising: 

read means (2) for reading data recorded 
on a disk (1) as an electrical signal; 

a data slice circuit (4) for binarizing the 
electrical signal supplied from said read means 
(2) to generate an EFM signal; 

a PLL circuit (5) for generating a clock 
signal corresponding to a variation in reproduc- 
tion speed of data, in response to the EFM 
signal supplied from said data slice circuit (4); 
and 

a data processing circuit (6) for demodulat- 
ing the EFM signal supplied from said data 
slice circuit (4) in response to the clock signal 
supplied from said PLL circuit (5), and re- 
producing data, 



said data slice circuit (4) including: 
a comparator (10) for comparing the elec- 
trical signal read from the disk (1) with a refer- 
ence voltage, said comparator (10) outputting 
5 one of data "0" and data "1" in accordance 

with the electrical signal and the reference 
voltage; 

a detecting means (11) for detecting dif- 
ferential data representing a difference be- 

w tween the time period of the data "0" and the 

time period of the data "1 " based on the clock 
signal supplied from said PLL circuit (5); and 

a voltage generating means (12) supplied 
with the differential data from said detecting 

is means (11), said voltage generating means 

(12) for generating a voltage in response to the 
differential data and supplying the voltage to 
said comparator (10) as the reference voltage. 

20 2. A disk reproduction apparatus according to 
claim 1, characterized in that said data pro- 
cessing circuit comprises: 

a first demodulator (61) for demodulating 
the EFM signal supplied from said data slice 
25 circuit (4); 

a memory (64) for storing data output from 
said first demodulator (4); 

a controller (63) for writing the data output 
from said first demodulator (61) to the memory 
30 (64) in response to the clock signal supplied 

from said PLL circuit (5), and reading out the 
data written to the memory (64) in response to 
the clock signal; and 

an error correction circuit (65) for correct- 
35 ing an error of the data read out from said 

controller (63), in response to the clock signal 
supplied from said PLL circuit (5). 

3. A disk reproduction apparatus according to 
40 claim 2, characterized by further comprising a 

second demodulator (62) for demodulating the 
data output from said first demodulator into 
subcode data. 

45 4. A disk reproduction apparatus according to 
claim 1, characterized in that said detecting 
means (11) comprises an up-down counter 
which outputs the differential data by counting 
the clock signal in response to the time period 

so of data "0" and the time period of data "1 ". 

5. A disk reproduction apparatus according to 
claim 1 , characterized in that said voltage gen- 
erating means (12) comprises a digital-to-ana- 
55 log converter which converts the differential 

data to an analog voltage, and supplies the 
analog voltage to the comparator (10) as the 
reference voltage. 
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A disk reproduction apparatus according to 
claim 4, characterized by further comprising: 

a first clock signal generator (13) for gen- 
erating a clock signal in response to the clock 
signal supplied from said PLL circuit (5); 

a second clock signal generator (15) for 
generating a clock signal in response to a 
reference clock signal generated by a quartz 
oscillator; and 

a switch (16) connected to said first and 
second clock signal generators (13, 15), for 
selecting one of the clock signals output from 
said first and second clock signal generators 
and supplying to the up-down counter (1 1 ). 

A disk reproduction apparatus according to 
claim 1, characterized in that said read means 
(2) comprises photoelectric transducer means 
for optically reading data recorded on the disk 
and converting the data into a current signal. 

A disk reproduction apparatus according to 
claim 7, characterized by further comprising an 
amplifier (3) for amplifying the current signal 
supplied from said photoelectric transducer 
means and outputting an amplified signal as a 
voltage signal. 
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